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(54) ARTICLE TRANSPORT APPARATUS

(57) An article transport apparatus includes a mast
provided upright on the traveling body, an upper frame
(6) coupled to an upper end portion of the mast and an
upper rail (R2) that guides movement of the upper frame
(6). Separately from guide rollers disposed on lateral op-
posite sides of the upper rail (R2), a first roller (18A) and
a second roller (18B) that are rotatable about vertical
axes (PI, P2) are disposed on opposite sides of the upper

rail (R2). A first supporting member (19) supporting the
first roller (18A) is attached so as to be biased by a first
biasing body (22) in a direction to push the first roller
(18A) against the upper rail (R2), and a second support-
ing member (20) supporting the second roller (18B) is
attached so as to be biased by a second biasing body
(22) in a direction to push the second roller (18B) against
the upper rail (R2).
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Description

Technical Field

[0001] The present invention relates to an article trans-
port apparatus including: a lower rail installed on a floor
surface; a traveling body configured to be guided by the
lower rail and to travel along the lower rail; a mast pro-
vided upright on the traveling body; an upper frame cou-
pled to an upper end portion of the mast; an upper rail
extending along a traveling direction of the traveling body
and configured to guide movement of the upper frame;
and an elevating body including a transfer device for
transferring an article and configured to move up and
down along the mast, the upper frame including at least
two guide rollers with positions thereof relative to the up-
per frame being fixed, the guide rollers being disposed
so as to be rotatable about vertical axes and separately
on opposite sides of the upper rail as viewed in a vertical
direction, and configured to be guided by the upper rail.

Background Art

[0002] As an example of such an article transport ap-
paratus, an article transport apparatus is disclosed in
which a braking device including a rotary roller for braking
is provided on an upper frame in addition to guide rollers
in order to shorten the time in which the sway of the mast
subsides when the traveling body is stopped (see e.g.,
paragraphs [0012] to [0018] and FIG. 3 of JP
2003-267517A (Patent Document 1).
[0003] The article transport apparatus of Patent Doc-
ument 1 includes, as a braking device (50), a braking
roller (23) and a guide roller (24) that are rotatable about
vertical axes. The braking device (50) serves to lock an
upper portion of each mast (1) to an upper rail (7) when
an article transport apparatus (A) has stopped. The brak-
ing roller (23) is attached in a state in which the position
of its rotation axis can be changed in a lateral direction
that is orthogonal to the traveling direction in plan view
and in which it is biased in a direction to be pushed against
the upper rail (7) by a spring (25) serving as a biasing
body. The guide roller (24) is attached in a state in which
its rotation axis is fixed to the upper frame.
[0004] With this configuration, Patent Document 1
locks the upper portion of the mast (1) to the upper rail
(7) after a truck (18) serving as a traveling body has been
stopped, thereby shortening the time in which the sway
of the mast subsides.
[0005] In the article transport apparatus of Patent Doc-
ument 1, the braking device (50) is not operated during
traveling of the article transport apparatus (A), and the
braking roller (23) comes into light contact with the upper
rail (7) against the force of the spring (25) so as to function
as a guide roller. Accordingly, the upper portion of the
article transport apparatus (A) is coupled to the upper rail
(7) by a pair of guide rollers (9, 9), the braking roller (23),
and the guide roller (24), and thereby, the article transport

apparatus (A) including the upper frame travels along the
upper rail (7) in a stable manner.

Prior Art Documents

Patent Documents

[0006] Patent Document 1: JP2003-267517A

Disclosure of the Invention

Problem to be Solved by the Invention

[0007] Meanwhile, as in the case of a large stacker
crane having a high overall height, when the mast has a
long overall length and a heavy weight, the range of sway
of the upper end of the mast after the traveling body has
been stopped is also large. Moreover, the moment of
inertia of the mast and the upper frame coupled to thereto
also becomes large.
[0008] The braking device (50) in the article transport
apparatus of Patent Document 1 is configured to lock, to
the upper rail (7), the upper portion of the mast (1) that
is swaying after stoppage of the a truck (18) serving as
the traveling body. Accordingly, in order to apply the tech-
nique of Patent Document 1 to the above-described large
stacker crane, it is necessary to provide a braking device
capable of generating a large braking force in order to
deal with a large sway or moment of inertia of the mast.
For that purpose, a braking apparatus having a large
braking torque, such a powder brake, is required, and it
is necessary to provide a robust mounting structure for
the braking device, including, a support structure for the
braking roller and the guide roller.
[0009] Therefore, there is a need for an article transport
apparatus that can suppress, with a simple configuration,
the sway of the mast after the traveling body has stopped.

Means for Solving Problem

[0010] A characteristic feature of an article transport
apparatus in view of the above includes:

a lower rail installed on a floor surface;
a traveling body configured to be guided by the lower
rail and to travel along the lower rail;
a mast provided upright on the traveling body;
an upper frame coupled to an upper end portion of
the mast;
an upper rail extending along a traveling direction of
the traveling body and configured to guide move-
ment of the upper frame; and
an elevating body including a transfer device for
transferring an article and configured to move up and
down along the mast,
the upper frame including at least two guide rollers
with positions thereof relative to the upper frame be-
ing fixed, the guide rollers being disposed so as to
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be rotatable about vertical axes and separately on
opposite sides of the upper rail as viewed in a vertical
direction, and configured to be guided by the upper
rail, wherein
a first roller and a second roller that are rotatable
about vertical axes are disposed opposite to each
other with respect to the upper rail in a lateral direc-
tion that is orthogonal to the traveling direction as
viewed in the vertical direction,
a first supporting member configured to rotationally
support the first roller is attached in a state in which
a position of a rotation axis of the first roller can be
changed in the lateral direction and in which the first
supporting member is biased by a first biasing body
in a direction to push the first roller against the upper
rail, and
a second supporting member configured to rotation-
ally support the second roller is attached in a state
in which a position of a rotation axis of the second
roller can be changed in the lateral direction and in
which the second supporting member is biased by
a second biasing body in a direction to push the sec-
ond roller against the upper rail.

[0011] Since the traveling body travels in a state in
which the position of the upper frame is restricted relative
to the upper rail by the at least two guide rollers whose
rotation axes are attached to the upper frame in a fixed
state being guided by the upper rail, the first roller and
the second roller that roll on the upper rail at different
positions from the two guide rollers in the traveling direc-
tion will roll on the upper rail while their positions relative
to the upper rail in the lateral direction fluctuate during
traveling. Here, possible causes of the changes in the
positions of the first roller and the second roller relative
to the upper rail in the lateral direction include gaps that
can be present between the guide rollers and the upper
rail, vibrations of the mast in the lateral direction, manu-
facturing errors in linearity of the apparatus such as the
upper frame and the upper rail, and errors in assembly
of the apparatus.
[0012] In this respect, according to the present char-
acteristic feature, the first roller and the second roller are
both attached in a state in which their positions can be
changed in the lateral direction and in which they are
biased in a direction to be pushed against the upper rail.
Therefore, even when the positions, in the lateral direc-
tion, of the first roller and the second roller relative to the
upper rail fluctuate during traveling of the traveling body,
the positions in the lateral direction can be changed such
that the first roller and the second roller follow the upper
rail, and thereby, the first roller and the second roller roll
on the upper rail in a state in which they are appropriately
pressed from opposite sides relative to the upper rail.
Accordingly, a braking force exerted on the upper portion
of the mast, such as a braking force resulting from the
rotational resistances of the first roller and the second
roller or a braking force resulting from the braking torque

in the case of providing a braking apparatus can be gen-
erated in a stable manner during traveling. The braking
force exerted on the upper portion of the mast during
traveling suppresses elastic deformation of the mast in
which the mast is tilted in the advancing direction during
deceleration of the traveling body, thus making it possible
to suppress the sway of the mast after the traveling body
has stopped.
[0013] Thus, by the traveling body traveling in a state
in which the braking force of the first roller and the second
roller is generated, it is possible to restrict elastic defor-
mation of the mast in the traveling direction occurring
during deceleration, while allowing movement of the up-
per portion of the mast relative to the upper rail. Since
the braking force of the first roller and the second roller
is a braking force of a degree which allows movement
relative to the upper rail, the braking force of the first roller
and the second roller can be smaller than in the case
where the sway of the mast is rapidly restricted by a large
braking force after the traveling body has stopped.
[0014] Accordingly, the support structures for the first
roller and the second roller can be simplified. Even in the
case of providing a braking apparatus, it is only necessary
to provide a braking apparatus having a relatively small
braking torque. It is thus possible to achieve an article
transport apparatus that can suppress, with a simple con-
figuration, the sway of the mast after stoppage of the
traveling body.
[0015] Further features and advantages of the article
transport apparatus will become apparent from the fol-
lowing description of exemplary embodiments with ref-
erence to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

FIG. 1 is an overall side view of a stacker crane ac-
cording to a first embodiment;
FIG. 2 is an enlarged perspective view showing an
upper portion of the stacker crane according to the
first embodiment;
FIG. 3 is a plan view of a braking unit according to
the first embodiment;
FIG. 4 is an enlarged front view of the upper portion
of the stacker crane according to the first embodi-
ment;
FIG. 5 is a plan view showing a braking force trans-
mission model of the braking unit according to the
first embodiment.
FIG. 6 is an enlarged front view showing an upper
portion of a stacker crane according to a second em-
bodiment; and
FIG. 7 is a control block diagram according to the
second embodiment.
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Best Mode for Carrying out the Invention

First Embodiment

[0017] A first embodiment of the article transport ap-
paratus will be described with reference the drawings.
As shown in FIG. 1, an article transport apparatus of the
present embodiment includes a stacker crane 1 that trav-
els by being guided by a lower rail R1 installed on a floor
surface and extending linearly, and an upper rail R2 dis-
posed parallel to the lower rail R1 and extending linearly.
[0018] The stacker crane 1 includes: a traveling body
4 that supports traveling wheels 3 that roll on the lower
rail R1; a pair of masts 5 (a first mast 5A and a second
mast 5B) that are spaced apart from each other in a
traveling direction (the direction indicated by X in FIG. 1;
hereinafter referred to as "traveling direction X") above
the traveling body 4 and provided upright along an vertical
direction (the direction indicated by Z in FIG. 1; herein-
after referred to as "vertical direction Z"); an upper frame
6 that connects the upper end portions of the first mast
5A and the second mast 5B to each other; and an ele-
vating body 7 that is driven to move up and down in a
suspended state by a pair of drive chains 10 and moves
up and down along an elevation path located between
the pair of masts 5.
[0019] As the traveling wheels 3 included in the
traveling body 4, a travel driving wheel 3a driven by a
traveling motor M1 and a following wheel 3b that is freely
rotatable are provided at a front end portion and a rear
end portion of the traveling body 4. The elevating body
7 is provided with a transfer device 8 that transfers an
article B to be transported to and from a transfer target
location. The transfer device 8 moves the article B to be
transported by extending and retracting an article sup-
porting portion that supports the article B to be transport-
ed, in a direction (the direction through the plane of the
paper in FIG. 1; hereinafter referred to as "lateral direction
Y) that is orthogonal to the traveling path in plan view,
thereby delivering and receiving the article B to and from
the transfer target location. In the present embodiment,
the transfer device 8 is constituted by a fork-type transfer
device including an article supporting portion on which
the article B is placed such that the article supporting
portion is extendable and retractable. As the transfer tar-
get location, for example, storage sections in article stor-
age racks disposed on opposite sides of the traveling
path of the stacker crane 1 in the lateral direction Y, a
delivery/reception location for storage and retrieval that
is provided outward of an end portion of the article storage
rack in the traveling direction X may be set.
[0020] Each of the pair of masts 5 is formed as a ver-
tically elongated, hollow rectangular pipe. Three outer
side surfaces of the four outer side surfaces of each of
the first mast 5A and the second mast 5B form a guide
surface that guides ascending and descending of the el-
evating body 7. That is, each of the first mast 5A and the
second mast 5B includes a pair of guide surfaces extend-

ing along the vertical direction Z and facing mutually op-
posite directions, and a guide surface facing the direction
in which the elevating body 7 is present in the traveling
direction X. In a state in which a plurality of elevation
guide rollers 9 included in the elevating body 7 are guided
by the three guide surfaces of the first mast 5A and the
three guide surfaces of the second mast 5B, the drive
chains 10 are operated to be wound by an elevation motor
M2, and thereby, the elevating body 7 moves up and
down along the masts 5.
[0021] In this manner, the article transport apparatus
of the present embodiment includes the traveling body 4
that travels along the lower rail R1 by being guided by
the lower rail R1 installed on a floor surface, the masts
5 provided upright on the traveling body 4, the upper
frame 6 coupled to the upper end portions of the masts
5, the upper rail R2 that extends along the traveling di-
rection X of the traveling body 4 and guides the move-
ment of the upper frame 6, and the elevating body 7 that
incudes the transfer device 8 that transfers the article B
and moves up and down along the masts 5. Note that
the upper rail R2 is supported, for example, by a plurality
of supporting members provided at an upper end of a
single article storage rack disposed at a side portion of
the traveling path of the traveling body 4 or a pair of article
storage racks disposed across the traveling path.
[0022] With this configuration, the stacker crane 1 han-
dles a transport operation of receiving an article B to be
transported at the transfer target location of the transport
source and delivering the article B to be transported to
the transfer target location of the transport destination,
by using a combination of the traveling operation of the
traveling body 4, the ascending/descending operation of
the elevating body 7, and the transfer operation of the
transfer device 8. Note that the traveling operation of the
traveling body 4, the ascending/descending operation of
the elevating body 7, and the transfer operation of the
transfer device 8 are controlled by a control portion H.
[0023] In the stacker crane 1 of the present embodi-
ment, the upper frame 6 is provided with a braking unit
12 in order to suppress vibrations along the traveling di-
rection X of the upper frame 6 that are caused by elastic
deformation of the masts 5 in the traveling direction X
that occurs during deceleration of the traveling body 4 in
the transport operation.
[0024] As shown in FIG. 2, the upper frame 6 includes
a pair of guide units 11 (a first guide unit 11A and a second
guide unit 11B) in the traveling direction X in a distributed
manner, and includes a braking unit 12 at a position in-
terposed between the pair of guide units 11 in the
traveling direction X. The first guide unit 11A is provided
at a position corresponding to the first mast 5A in the
traveling direction X, and the second guide unit 11B is
provided at a position corresponding to the second mast
5B in the traveling direction X. The braking unit 12 is
provided at a position intermediate between the first mast
5A and the second mast 5B in the traveling direction X.
[0025] The upper frame 6 includes a bottom portion 6B
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to which a flange portion 5f formed at an upper end portion
of each of the pair of masts 5 is fixed with a bolt via a
mounting plate 13, and a lateral pair of side portions 6S
extending upward along the vertical direction Z respec-
tively from opposite end edges of the bottom portion 6B
in the lateral direction Y. Additionally, an upper idler 14
is rotatably supported by each of the mounting plates 13.
[0026] Each guide unit 11 is attached with a bracket
15 to a side portion 6S of the upper frame 6. Each bracket
15 supports a pair of guide rollers 16 disposed on oppo-
site sides of the upper rail R2 in the lateral direction Y in
a state in which the guide rollers are arranged in the lat-
eral direction Y and rotatable about vertical axes Pg. In
the present embodiment, on the basis of the length of
the upper rail R2 in the lateral direction Y and the diameter
of the guide rollers 16, the arrangement pitch between
the pair of guide rollers 16 is set to a defined value at
which a gap of several millimeters (e.g., 1.5 mm) is
formed between the outer circumferential surface of each
guide roller 16 and the guide surface of the upper rail R2.
Here, when the pair of guide rollers 16 are installed ac-
cording to a value of the arrangement pitch defined for
design purposes, the guide rollers 16 may be brought
into a state in which they are pressed against the upper
rail R2, depending on the production precision or the like
of the upper frame 6 and the upper rail R2. However, the
above-described defined value is adjusted to a distance
at which each guide roller 16 is pushed against the upper
rail R2 in the lateral direction Y by a force less than or
equal to an allowable pressing force (in the present em-
bodiment, 150 [Kgf]) even in such a case.
[0027] Thus, the upper frame 6 of the article transport
apparatus according to the present embodiment in-
cludes, at opposite end portions in the traveling direction
X in a distributed manner, two sets of two guide rollers
16 that are rotatable about the vertical axes Pg and are
guided by the upper rail R2 in a state in which their po-
sitions relative to the upper frame 6 are fixed. The two
guide rollers 16 of each set are disposed separately on
opposite sides of the upper rail R2 in the lateral direction
Y that is orthogonal to the traveling direction X in plan
view.
[0028] The braking unit 12 provided between the first
guide unit 11A and the second guide unit 11B includes
a first roller 18A and a second roller 18B that are rotatable
about the vertical axes in a state in which the first roller
18A and the second roller 18B are pushed against the
upper rail R2 with the same pressing force at the same
position in the traveling direction X from mutually oppo-
site directions relative to the upper rail R2. In the follow-
ing, this will be described in detail.
[0029] As shown in FIGS. 2 and 4, the braking unit 12
is attached in an orientation in which it protrudes from
the upper frame 6 in the lateral direction Y. A base portion
17B of a mounting bracket 17 that is elongated in the
lateral direction Y is attached to a side portion 6S of the
upper frame 6, and a tip portion 17T of the mounting
bracket 17 that is located opposite to the base portion

17B in the lateral direction Y protrudes to a position di-
rectly below the upper rail R2.
[0030] At the tip portion 17T of the mounting bracket
17, a first supporting member 19 that supports the first
roller 18A so as to be rotatable about a first vertical axis
P1 and a second supporting member 20 that supports
the second roller 18B so as to be rotatable about a second
vertical axis P2 are provided such that the first supporting
member 19 and the second supporting member 20 are
separately pivotable about a common axis Pc.
[0031] The first supporting member 19 and the second
supporting member 20 are each formed of a plate-
shaped member extending along a horizontal plane. Al-
though the detailed illustration has been omitted, the first
supporting member 19 includes a boss portion bulging
from its lower surface, and the second supporting mem-
ber 20 includes a pin portion protruding downward from
its lower surface. The boss portion of the first supporting
member 19 is rotatably fitted via a bearing to a vertically
penetrating boss portion 17H formed in the tip portion
17T of the mounting bracket 17, and the pin portion of
the second supporting member 20 is rotatably fitted via
a bearing to the boss portion of the first supporting mem-
ber 19. Then, the axes of the boss portion 17H of the
mounting bracket 17, the boss portion of the first sup-
porting member 19, and the pin portion of the second
supporting member 20 are disposed so as to coincide
with the common axis Pc located on a virtual center line
21 forming the center of the upper rail R2 in the lateral
direction Y. Thereby, the first supporting member 19 and
the second supporting member 20 are separately pivot-
able about the common axis Pc relative to the mounting
bracket 17.
[0032] Thus, in the article transport apparatus accord-
ing to the present embodiment, the first supporting mem-
ber 19 is supported by the upper frame 6 so as to be
pivotable about the pivot axis (common axis Pc) extend-
ing along the vertical direction, and the second support-
ing member 20 is supported by the upper frame 6 so as
to be pivotable about the pivot axis (common axis Pc)
extending along the vertical direction. Then, the common
axis Pc is located on the virtual center line 21 forming
the center of the upper rail R2 in the lateral direction Y
as viewed in the vertical direction.
[0033] As shown in FIGS. 3 and 4, between a first
spring receiving plate 19T that is provided in the first sup-
porting member 19 at a position opposite to the first roller
18A in the traveling direction X and a second spring re-
ceiving plate 20T that is provided in the second support-
ing member 20 at a position opposite to the second roller
18B in the traveling direction X, a coil spring 22 in a com-
pressed state is disposed in a state in which it is externally
fitted to a bolt 23 having an axis extending along the
lateral direction Y. Although not shown, a through hole
having a diameter that is larger than the outer diameter
of the thread portion of the bolt 23 and is smaller than
the inner diameter of coil spring 22 is formed in each of
the first spring receiving plate 19T and the second spring
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receiving plate 20T.
[0034] The second supporting member 20 is provided
with a bolt support member 24 including a threadably
engaging hole with which a proximal end portion of the
bolt 23 is threadably engaged. The movement, relative
to the bolt support member 24, of the bolt 23 supported
by the bolt support member 24 is restricted by tightening
a bolt position setting nut 26a that is threadably engaged
with the bolt 23 on the distal end side relative to the bolt
support member 24. On the distal end side of the bolt 23
relative to the nut 26a, a pressing force adjusting double
nut 26b for adjusting the pressing force of the coil spring
22 is provided. Since the movement of the second spring
receiving plate 20T to the proximal end side is restricted
by the double nut 26b, the pressing force of the coil spring
22 that is input to the second spring receiving plate 20T
is received by the double nut 26b, and the pressing force
is transmitted to the second supporting member 20 via
the bolt support member 24.
[0035] The first supporting member 19 is provided with
a first spring receiving plate 19T having an insertion hole
through which the tip portion of the bolt 23 is inserted so
as be movable in a state in which a gap is formed around
its circumference, and a bolt insertion body 25 that sup-
ports the first spring receiving plate 19T. The bolt inser-
tion body 25 is in surface contact with the first spring
receiving plate 19T, and the pressing force of the coil
spring 22 that is input to the first spring receiving plate
19T is transmitted to the first supporting member 19 via
the bolt insertion body 25. Note that the insertion holes
formed in the first spring receiving plate 19T and the bolt
insertion body 25 have such a diameter size that the tip
portion of the bolt 23 supported by the second supporting
member 20 will not interfere with the first spring receiving
plate 19T and the bolt insertion body 25 when the first
supporting member 19 and the second supporting mem-
ber 20 are pivoted relative to each other about the com-
mon axis Pc.
[0036] With such a configuration, the coil spring 22 in
a compressed state that is disposed between the first
spring receiving plate 19T and the second spring receiv-
ing plate 20T presses the first spring receiving plate 19T
and the second spring receiving plate 20T such that they
are spaced apart in the lateral direction Y. As a result,
the direction of force is reversed in plan view with the
common axis Pc as a fulcrum, and the first roller 18A and
the second roller 18B are pushed against the upper rail
R2 by a force in the direction in which they move close
to each other along the lateral direction Y.
[0037] That is, in the article transport apparatus of the
present embodiment, the first supporting member 19 is
biased in a direction to rotate counterclockwise about the
common axis Pc in FIG. 3 by the elastic deformation force
of the coil spring 22, and the second supporting member
20 is biased in a direction to rotate clockwise about the
common axis Pc in FIG. 3. Consequently, the first roller
18A is pushed downward against the upper rail R2 in
FIG. 3, and the second roller 18B is pushed upward

against the upper rail R2 in FIG. 3. Both the first support-
ing member 19 and the second supporting member 20
can pivot about the common axis Pc such that the press-
ing force of the first roller 18A and the pressing force of
the second roller 18B are brought into balance, and there-
fore, the state in which their pressing forces are in bal-
ance can be maintained.
[0038] As shown in FIG. 5, the coil spring 22 that is an
elastic body serving as the first biasing body and the sec-
ond biasing body is disposed in a compressed state be-
tween a first force point T1 in the first supporting member
19 and a second force point T2 in the second supporting
member 20, the first force point T1 being located on the
same side as the first roller 18A with respect to the virtual
center line 21 in the lateral direction Y and opposite to
the first roller 18A with respect to the common axis Pc in
the traveling direction X, and the second force point T2
being located on the same side as the second roller 18B
with respect to the virtual center line 21 in the lateral
direction Y and opposite to the second roller 18B with
respect to the common axis Pc in the traveling direction
X. Furthermore, in a state in which the first supporting
member 19 and the second supporting member 20 are
in a reference orientation, a distance L1 from the common
axis Pc to the first force point T1 in the traveling direction
X and a distance L2 from the common axis Pc to the
second force point T2 in the traveling direction X are
equal. The reference orientation refers to an orientation
in which the axis of the bolt 23 supported by the second
supporting member 20 and the axis of the bolt insertion
hole of the bolt insertion body 25 of the first supporting
member 19 are both extend along the lateral direction Y.
[0039] In addition, a distance D1 from the common axis
Pc to the rotation axis (first vertical axis P1) of the first
roller 18A and a distance D2 from the common axis Pc
to the rotation axis (second vertical axis P2) of the second
roller 18B are equal as viewed in the vertical direction Z.
In the reference orientation, a distance r1 from the com-
mon axis Pc to the first force point T1 and a distance r2
from the common axis Pc to the second force point T2
as viewed in the vertical direction Z are slightly different,
and therefore, the first supporting member 19 and the
second supporting member 20 are both pivoted slightly
(by about 1 to 3 degrees) about the common axis Pc from
the reference orientation such that the pressing force of
the first roller 18A and the pressing force of the second
roller 18B are brought into balance.
[0040] As described thus far, in the article transport
apparatus according to the present embodiment, a first
supporting member 19 that rotationally supports the first
roller 18A is attached in a state in which a position of the
rotation axis (first vertical axis P1) of the first roller 18A
can be changed in the lateral direction Y and in which
the first supporting member 19 is biased by a coil spring
22 serving as a first biasing body in a direction to push
the first roller 18A against the upper rail R2, and a second
supporting member 20 that rotationally supports the sec-
ond roller 18B is attached in a state in which a position
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of the rotation axis (second vertical axis P2) of the second
roller 18B can be changed in the lateral direction Y and
in which the second supporting member 20 is biased by
a coil spring 22 serving as a second biasing body in a
direction to push the second roller 18B against the upper
rail R2. That is, in the present embodiment, the first pivot
axis of the first supporting member 19 and the second
pivot axis of the second supporting member 20 are a
common axis Pc located on a virtual center line 21 form-
ing a center, in the lateral direction Y, of the upper rail
R2 as viewed in the vertical direction Z, and one coil
spring 22 is used as both the first biasing body and the
second biasing body.
[0041] As described above, by changing the threada-
ble engagement position of the pressing force adjusting
double nut 26b threadably engaged with the bolt 23, it is
possible to change the interval between the first spring
receiving plate 19T and the second spring receiving plate
20T located at opposite ends of the coil spring 22, thus
changing the compression state of the coil spring 22. This
makes it possible to adjust the pressing force of the first
roller 18A and the pressing force of the second roller 18B,
thus adjusting the braking force of the braking unit 12 to
an appropriate braking force. That is, in the article trans-
port apparatus of the present embodiment, one adjust-
ment mechanism is used as both a first adjustment mech-
anism for adjusting the biasing force of the first biasing
body for the first supporting member 19, and a second
adjustment mechanism for adjusting the biasing force of
the second biasing body for the second supporting mem-
ber 20.
[0042] Here, the appropriate braking force is preferably
a braking force with which the upper portion of each mast
5 can be appropriately braked during traveling within the
range in which the stress generated at the lower end
portion of the mast 5 will not be excessively increased.
In the present embodiment, the pressing force of the first
roller 18A and the pressing force of the second roller 18B
are set within a range of 300 to 350 [Kgf] such that the
braking force of the braking unit 12 is such an appropriate
braking force, taking into consideration the coefficient of
friction between the upper rail R2 and an urethane layer
on the outer circumferential surface of the first roller 18A
and the second roller 18B, the weight and the rigidity of
the mast 5, and so forth.
[0043] Thus, in the article transport apparatus of the
present embodiment, the pressing forces (300 to 350
[Kgf]) of the first roller 18A and the second roller 18B
included in the braking unit 12 to the upper rail R2 are
set to be greater than the allowable pressing force (150
[Kgf]) of the pair of guide rollers 16 included in the guide
unit 11 to the upper rail R2.
[0044] Since the first supporting member 19 and the
second supporting member 20 can be both pivoted about
the common axis Pc such that the pressing force of the
first roller 18A and the pressing force of the second roller
18B are brought into balance, and therefore, the state in
which their pressing forces are in balance can be main-

tained. Accordingly, the state in which the first roller 18A
and the second roller 18B are pressed against the upper
rail R2 in a well-balanced manner can be maintained,
and therefore, as long as the traveling conditions (speed
as well as acceleration and deceleration) of the traveling
body 4 are the same, the same braking force can be
obtained by the braking unit 12 even when the positions
of the traveling body 4 in the traveling direction X are
different. Accordingly, the adjustment operation for the
braking unit 12 can be readily performed so as to adjust
the pressing force to a pressing force for achieving an
appropriate braking force.
[0045] Then, the braking force of the braking unit 12
that is exerted on the upper portion of the mast is obtained
in a stable manner during traveling of the traveling body
4, and thereby, elastic deformation of the masts 5 that
would cause the mast 5 to be tilted in the advancing di-
rection during deceleration of the traveling body 4 can
be suppressed to suppress the sway of the mast 5 after
the traveling body 4 has stopped, making it possible to
perform transfer of the article B by the transfer device 8
promptly after the stoppage of the traveling body 4.

Second Embodiment

[0046] A second embodiment of the article transport
apparatus will be described with reference to FIGS. 6
and 7. The present embodiment is different from the first
embodiment described above in that a rotational resist-
ance imparting device 40 is provided in a braking unit 12.
The following description is focused on the difference
between the article transport apparatus of the present
embodiment and that of the first embodiment. The com-
ponents that are not specifically described are the same
as those of the first embodiment, and are denoted by the
same reference numerals, with the detailed description
thereof omitted.
[0047] As shown in FIG. 6, a braking unit 12 according
to the present embodiment is configured by adding, to
the braking unit 12 (see FIG. 4) according to the first
embodiment described above, a rotational resistance im-
parting device 40 that imparts a rotational resistance. The
rotational resistance imparting device 40 is provided on
a rotation shaft 30 of at least one of a first roller 18A and
a second roller 18B. In the example shown in FIG. 6, the
rotational resistance imparting device 40 is provided on
a rotation shaft 30 of the second roller 18B, and a rota-
tional resistance is imparted to the second roller 18B (the
rotation shaft 30 of the second roller 18B) by the rotational
resistance imparting device 40. Although not shown, it is
possible to adopt a configuration in which the rotational
resistance imparting device 40 is provided on the rotation
shaft 30 of the first roller 18A, or a configuration in which
the rotational resistance imparting device 40 is provided
on both the rotation shafts 30 of the first roller 18A and
the second roller 18B.
[0048] As shown in FIG. 6, the rotational resistance
imparting device 40 is fixed to a second supporting mem-
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ber 20 that rotationally supports the second roller 18B.
The second roller 18B and the rotational resistance im-
parting device 40 are disposed on opposite to each other
across the second supporting member 20 in the vertical
direction Z, and the rotation shaft 30 of the second roller
18B is disposed extending through the second support-
ing member 20 in the vertical direction Z into the rotational
resistance imparting device 40. The rotational resistance
imparting device 40 imparts a rotational resistance to the
rotation shaft 30 (achieves a braking force for the rotation
shaft 30) by converting the kinetic energy of the rotation
shaft 30 into another energy.
[0049] In the present embodiment, a device that con-
verts the kinetic energy of the rotation shaft 30 into ther-
mal energy is used as the rotational resistance imparting
device 40. Examples of such a rotational resistance im-
parting device 40 include a device that uses a magnet to
impart a rotational resistance to the rotation shaft 30, and
a device that uses a frictional force (e.g., contact friction
or fluid viscous friction) to impart a rotational resistance
to the rotation shaft 30. Although the details are omitted,
the device that uses a magnet to impart a rotational re-
sistance to the rotation shaft 30 has a structure in which
a rotational body coupled to the rotation shaft 30 is rotated
in a magnetic field formed by the magnet (e.g., permanent
magnet). Then, as the rotation shaft 30 is rotated, an
eddy current is generated in the rotational body. Conse-
quently, a force acting in the direction to stop the rotation
(braking force) is exerted on the rotation shaft 30 by the
interaction between the eddy current and the magnetic
field of the magnet, and heat is generated in the rotational
body.
[0050] The rotational resistance imparting device 40 is
not configured to be able to switch whether or not to im-
part a rotational resistance according to the traveling
state of the traveling body 4, and, instead, is configured
to constantly impart a rotational resistance to the rotation
shaft 30 during traveling (i.e., during rotation of the rota-
tion shaft 30) of the traveling body 4. Accordingly, the
pressing force of the first roller 18A and the second roller
18B against the upper rail R2, which is required to
achieve the desired amount of the braking force with the
rotational resistance provided by the first roller 18A and
the second roller 18B, can be suppressed to be smaller
than that required when the rotational resistance impart-
ing device 40 is not provided in the braking unit 12. That
is, although it is necessary to ensure the pressing force
of the first roller 18A and the second roller 18B against
the upper rail R2 at least in an amount sufficient to prevent
the first roller 18A and the second roller 18B from being
slid relative to the upper rail R2, the pressing force of the
first roller 18A and the second roller 18B against the up-
per rail R2 can be reduced by an amount of the rotational
resistance of at least one of the first roller 18A and the
second roller 18B that has been increased by the rota-
tional resistance imparting device 40. As a result, it is
possible to reduce the weight of the braking unit 12 by
reducing the size of the first biasing body and the second

biasing body (the coil spring 22 in the present embodi-
ment) and simplifying the support structure for the first
roller 18A and the second roller 18B, and to increase the
service life of the braking unit 12 by suppressing a de-
crease in service life of the various parts.
[0051] Meanwhile, when the device that converts the
kinetic energy of the rotation shaft 30 into thermal energy
is used as the rotational resistance imparting device 40
in this way, the amount of heat generation of the rotational
resistance imparting device 40 may significantly exceed
the amount of heat dissipation of the rotational resistance
imparting device 40, depending on the traveling state of
the traveling body 4. An excessive increase in the tem-
perature of the rotational resistance imparting device 40
may cause a reduction in the durability and the perform-
ance of the parts constituting the rotational resistance
imparting device 40 (e.g., a damage to the bearing
caused by overheating, and demagnetization of the mag-
net). In view of this, in the present embodiment, the con-
trol portion H that controls the traveling operation of the
traveling body 4 is configured to monitor the temperature
of the rotational resistance imparting device 40, and, if it
is determined that the temperature of the rotational re-
sistance imparting device 40 is in a high-temperature
state exceeding a predetermined threshold, limit the up-
per-limit traveling speed of the traveling body 4 to be
lower than the upper-limit traveling speed of the traveling
body 4 in a normal state that is not the high-temperature
state. Since the amount of heat generation of the rota-
tional resistance imparting device 40 generally increases
with an increase in the traveling speed of the traveling
body 4, the control portion H configured in this manner
makes it possible to suppress a further increase in the
temperature of the rotational resistance imparting device
40 in a situation in which the temperature of the rotational
resistance imparting device 40 exceeds a predetermined
threshold, thus avoiding an excessive increase in the
temperature of the rotational resistance imparting device
40.
[0052] Specifically, as shown in FIG. 7, the control por-
tion H includes a traveling control portion H1 and a tem-
perature monitoring portion H2. The traveling control por-
tion H1 is a functional portion that controls the traveling
operation of the traveling body 4 by controlling the driving
of a traveling motor M1, and the temperature monitoring
portion H2 is a functional portion that monitors the tem-
perature of the rotational resistance imparting device 40.
The temperature monitoring portion H2 directly or indi-
rectly monitors the temperature of the rotational resist-
ance imparting device 40, based on detection information
from a sensor Se. Then, the temperature monitoring por-
tion H2 determines whether the temperature of the rota-
tional resistance imparting device 40 exceeds the pre-
determined threshold (i.e., determines whether the tem-
perature is in the high-temperature state), and outputs
information indicating a result of the determination to the
traveling control portion H1.
[0053] For example, it is possible to adopt a configu-
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ration in which a temperature sensor that detects the tem-
perature of the rotational resistance imparting device 40
is provided as the sensor Se, and the temperature mon-
itoring portion H2 directly monitors the temperature of
the rotational resistance imparting device 40. It is also
possible to adopt a configuration in which a sensor (e.g.,
a rotary encoder) that has been already provided to con-
trol the traveling operation of the traveling body 4 is used
as the sensor Se, and the temperature monitoring portion
H2 indirectly monitors the temperature of the rotational
resistance imparting device 40. In this case, the temper-
ature monitoring portion H2 monitors a physical quantity
correlated with the temperature of the rotational resist-
ance imparting device 40, and determines whether the
temperature is in the high-temperature state based on
the physical quantity. Examples of such a physical quan-
tity include the rotational speed of the rotation shaft 30
and the traveling distance of the traveling body 4 within
a certain period of time (or within one cycle). Since the
amount of heat generation of the rotational resistance
imparting device 40 increases with an increase in the
rotational speed of the rotation shaft 30, the rotational
speed of the rotation shaft 30 can be considered as a
physical quantity correlated with the temperature of the
rotational resistance imparting device 40. Since the av-
erage traveling speed of the traveling body 4 and the
amount of heat generation of the rotational resistance
imparting device 40 increase with an increase in the
traveling distance within a certain period of time (or within
one cycle), the traveling distance within a certain period
of time (or within one cycle) can also be considered as
a physical quantity corelated with the temperature of the
rotational resistance imparting device 40. Here, "one cy-
cle" means a transport cycle of the article B. For example,
one reciprocal traveling operation of the traveling body
4 between the above-described delivery/reception loca-
tion and a storage section to be transferred can be de-
fined as one cycle.
[0054] When the temperature sensor that detects the
temperature of the rotational resistance imparting device
40 is not provided, it is also possible to adopt a configu-
ration in which the temperature monitoring portion H2
monitors an estimated temperature of the rotational re-
sistance imparting device 40, instead of monitoring the
physical quantity corelated with the temperature of the
rotational resistance imparting device 40 in the above-
described manner. The temperature of the rotational re-
sistance imparting device 40 can be estimated based on
the amount of heat generation and the amount of heat
dissipation of the rotational resistance imparting device
40. Note that the amount of heat generation of the rota-
tional resistance imparting device 40 can be estimated
based on the rotational speed of the rotation shaft 30, or
can be estimated based on the actual traveling of the
traveling body 4 (e.g., estimated based on a value ob-
tained by integrating the traveling speed by the traveling
distance).
[0055] The traveling control portion H1 causes the

traveling body 4 to travel from the transfer target location
of a transport source to the transfer target location of a
transport destination, based on a transport instruction
that designates the transport source and the transport
destination of the article B. For example, the traveling
control portion H1 controls the traveling speed of the
traveling body 4 from the start of traveling to the stop of
traveling, in accordance with a traveling speed pattern
that defines in order: an acceleration period in which ac-
celerate traveling is performed; a constant-speed period
in which constant-speed traveling is performed at an up-
per-limit traveling speed; a deceleration period in which
deceleration traveling is performed; and a creeping-
speed period in which constant-speed traveling at a
creeping speed (creep traveling) is performed. Then, the
traveling control portion H1 switches the upper-limit
traveling speed of the traveling body 4 according to a
result of determination of whether the temperature is in
the high-temperature state performed by the temperature
monitoring portion H2. Specifically, the traveling control
portion H1 sets the upper-limit traveling speed of the
traveling body 4 in the high-temperature state to be lower
than the upper-limit traveling speed of the traveling body
4 in a normal state (e.g., the rated traveling speed of the
traveling body 4).
[0056] Although the details are omitted, the control por-
tion H includes a processor such as a microcomputer,
as well as a peripheral circuit such as a memory, and
these pieces of hardware and a program executed on
hardware such as the processor work cooperatively to
implement various functions of the control portion H. Al-
though FIG. 1 shows a configuration in which the control
portion H is provided in the stacker crane 1, at least a
part of the functions of the control portion H may be pro-
vided independently of the stacker crane 1 (i.e., in an-
other device capable of communicating with the stacker
crane 1).

Alternative Embodiments

[0057]

(1) Although the above-described embodiments
have shown examples in which the positions of the
rotation axes (PI, P2) of the first roller 18A and the
second roller 18B are changed in the lateral direction
Y by the first supporting member 19 and the second
supporting member 20 being pivoted about the ver-
tical axes (common axis Pc), it is possible to adopt
a configuration in which the positions of the rotation
axes of the first roller 18A and the second roller 18B
are changed in the lateral direction Y by the first sup-
porting member 19 and the second supporting mem-
ber 20 being translated in the lateral direction Y.
(2) Although the above-described embodiments
have shown examples in which one elastic body (coil
spring 22) is used as both the first biasing body and
the second biasing body, the first biasing body and
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the second biasing body may be provided separate-
ly. In this case, it is preferable that the first adjustment
mechanism and the second adjustment mechanism
are separately provided so as to correspond to the
first biasing body and the second biasing body, re-
spectively.
(3) Although the above-described embodiments
have shown examples in which the traveling body 4
includes a pair of front and rear masts 5 arranged in
the traveling direction X, the traveling body may in-
clude a single mast 5. The upper frame 6 coupled to
the upper end of a single mast 5 allows the length in
the traveling direction X to be shorter than that in the
case where an upper frame is coupled to a pair of
masts 5, and thus the first roller 18A and the second
roller 18B can be disposed so as to be close to the
guide roller 16 in the traveling direction X. Accord-
ingly, the difference between the central position, in
the lateral direction Y, of the vertical axes Pg of the
pair of guide rollers 16 in the guide unit 11 and the
central position, in the lateral direction Y, of the first
vertical axis P1 of the first roller 18A and the second
vertical axis P2 of the second roller 18B in the braking
unit 12 is reduced in the lateral direction Y, which
will be relatively advantageous in the case of braking
the upper portion of the mast 5 by using the first roller
18A and the second roller 18B.
(4) The first embodiment has shown an example in
which the braking force resulting from the rotational
resistances of the first roller 18A and the second roll-
er 18B that roll in a state in which they are pressed
against the upper rail R2 is exerted on the upper
portions of the mast 5. However, the braking unit 12
may be provided with a braking apparatus (ex. one
that is similar to the rotational resistance imparting
device 40 of the second embodiment) that brakes
one or both of the first roller 18A and the second
roller 18B, then a control portion that controls the
operation of the braking apparatus may perform con-
trol to generate a braking torque of the braking ap-
paratus during deceleration of the traveling body 4,
and the braking force resulting from the braking
torque of the braking apparatus may be exerted on
the upper portion of the mast 5 during traveling of
the traveling body 4. In this case as well, the first
roller 18A and the second roller 18B roll on the upper
rail R2 in a state in which they are appropriately
pressed against the upper rail R2 from opposite
sides, and therefore, the braking force can be gen-
erated in a stable manner during traveling. Here,
even in the case of providing a braking apparatus,
the sway of the mast 5 do not need to be rapidly
restricted with a large braking force after the traveling
body 4 has stopped, and therefore, it is sufficient that
a braking apparatus having a relatively small braking
torque is provided.
(5) Although the above-described embodiments
have shown exemplary article transport apparatuses

in which the traveling body 4 is provided with the
traveling motor M1 that drives the traveling body 4,
it is possible to adopt a configuration in which the
traveling motor M1 is provided in a state in which its
position relative to the traveling rail is fixed, including,
for example, a state in which the traveling motor M1
is fixed on the floor surface, and the traveling body
4 is driven to travel by coupling the traveling body 4
and the traveling motor M1 by a power transmission
mechanism that uses, for example, a belt, a chain,
or the like.
(6) In the second embodiment described above, a
device that converts the kinetic energy of the rotation
shaft 30 into thermal energy is described as an ex-
ample of the rotational resistance imparting device
40. However, a device that converts the kinetic en-
ergy of the rotation shaft 30 into energy (e.g., electric
energy) other than thermal energy may be used as
the rotational resistance imparting device 40. For ex-
ample, a device that converts the kinetic energy of
the rotation shaft 30 into electric energy using a pow-
er generator and stores the power may be used as
the rotational resistance imparting device 40 (i.e., a
device that exerts a regenerative braking force on
the rotation shaft 30). An energy conversion device
that recovers the thermal energy generated by the
rotational resistance imparting device 40 and con-
verts the thermal energy into another energy (e.g.,
electric energy) may be provided in the braking unit
12.

[0058] Although the invention made by the inventor has
been specifically described by way of embodiments, the
present invention is not limited to the above-described
embodiments, and various modifications may be made
without departing from the gist of the invention. In addi-
tion, the above-described embodiments may be com-
bined as long as no contradiction arises.

Outline of the Embodiment

[0059] The following is a description of an outline of
the article transport apparatus described above.
[0060] An article transport apparatus includes:

a lower rail installed on a floor surface;
a traveling body configured to be guided by the lower
rail and to travel along the lower rail;
a mast provided upright on the traveling body;
an upper frame coupled to an upper end portion of
the mast;
an upper rail extending along a traveling direction of
the traveling body and configured to guide move-
ment of the upper frame; and
an elevating body including a transfer device for
transferring an article and configured to move up and
down along the mast,
the upper frame including at least two guide rollers
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with positions thereof relative to the upper frame be-
ing fixed, the guide rollers being disposed so as to
be rotatable about vertical axes and separately on
opposite sides of the upper rail as viewed in a vertical
direction, and configured to be guided by the upper
rail, wherein
a first roller and a second roller that are rotatable
about vertical axes are disposed opposite to each
other with respect to the upper rail in a lateral direc-
tion that is orthogonal to the traveling direction as
viewed in the vertical direction,
a first supporting member configured to rotationally
support the first roller is attached in a state in which
a position of a rotation axis of the first roller can be
changed in the lateral direction and in which the first
supporting member is biased by a first biasing body
in a direction to push the first roller against the upper
rail, and
a second supporting member configured to rotation-
ally support the second roller is attached in a state
in which a position of a rotation axis of the second
roller can be changed in the lateral direction and in
which the second supporting member is biased by
a second biasing body in a direction to push the sec-
ond roller against the upper rail.

[0061] Since the traveling body travels in a state in
which the position of the upper frame is restricted relative
to the upper rail by the at least two guide rollers whose
rotation axes are attached to the upper frame in a fixed
state being guided by the upper rail, the first roller and
the second roller that roll on the upper rail at different
positions from the two guide rollers in the traveling direc-
tion will roll on the upper rail while their positions relative
to the upper rail in the lateral direction fluctuate during
traveling. Here, possible causes of the changes in the
positions of the first roller and the second roller relative
to the upper rail in the lateral direction include gaps that
can be present between the guide rollers and the upper
rail, vibrations of the mast in the lateral direction, manu-
facturing errors in linearity of the apparatus such as the
upper frame and the upper rail, and errors in assembly
of the apparatus.
[0062] In this respect, according to this configuration,
the first roller and the second roller are both attached in
a state in which their positions can be changed in the
lateral direction and in which they are biased in a direction
to be pushed against the upper rail. Therefore, even when
the positions, in the lateral direction, of the first roller and
the second roller relative to the upper rail fluctuate during
traveling of the traveling body, the positions in the lateral
direction can be changed such that the first roller and the
second roller follow the upper rail, and thereby, the first
roller and the second roller roll on the upper rail in a state
in which they are appropriately pressed from opposite
sides relative to the upper rail. Accordingly, a braking
force exerted on the upper portion of the mast, such as
a braking force resulting from the rotational resistances

of the first roller and the second roller or a braking force
resulting from the braking torque in the case of providing
a braking apparatus can be generated in a stable manner
during traveling. The braking force exerted on the upper
portion of the mast during traveling suppresses elastic
deformation of the mast in which the mast is tilted in the
advancing direction during deceleration of the traveling
body, thus making it possible to suppress the sway of
the mast after the traveling body has stopped.
[0063] Thus, by the traveling body traveling in a state
in which the braking force of the first roller and the second
roller is generated, it is possible to restrict elastic defor-
mation of the mast in the traveling direction occurring
during deceleration, while allowing movement of the up-
per portion of the mast relative to the upper rail. Since
the braking force of the first roller and the second roller
is a braking force of a degree which allows movement
relative to the upper rail, the braking force of the first roller
and the second roller can be smaller than in the case
where the sway of the mast is rapidly restricted by a large
braking force after the traveling body has stopped.
[0064] Accordingly, the support structures for the first
roller and the second roller can be simplified. Even in the
case of providing a braking apparatus, it is only necessary
to provide a braking apparatus having a relatively small
braking torque. It is thus possible to achieve an article
transport apparatus that can suppress, with a simple con-
figuration, the sway of the mast after stoppage of the
traveling body.
[0065] Here, it is preferable that pressing forces of the
first roller and the second roller to the upper rail are set
to be greater than an allowable pressing force of the at
least two guide rollers to the upper rail.
[0066] With this configuration, it is possible to obtain
an appropriate braking force resulting from the rotational
resistances of the first roller and the second roller during
traveling of the traveling body, making it possible to ac-
tively use the rotational resistances of the first roller and
the second roller to restrict the sway of the upper portion
of the mast during traveling. Note that the allowable
pressing force of the guide rollers to the upper rail may
be set taking into consideration the supporting strength,
the traveling resistance, and the like of the guide rollers.
[0067] It is preferable that a first adjustment mecha-
nism for adjusting a biasing force of the first biasing body
and a second adjustment mechanism for adjusting a bi-
asing force of the second biasing body are provided.
[0068] With this configuration, the pressing forces of
the first roller and the second roller to the upper rail can
be separately adjusted, and therefore, the rotational re-
sistances of the first roller and the second roller or the
braking torques generated by the first roller and the sec-
ond roller in the case of providing a braking apparatus
can be separately adjusted. Accordingly, the braking
force to the upper portion of the mast that is generated
during traveling of the traveling body can be adjusted to
an appropriate magnitude according to, for example, the
natural frequency of the article transport apparatus that

19 20 



EP 3 444 204 A1

12

5

10

15

20

25

30

35

40

45

50

55

differs depending on the overall length of the mast or the
object to be transported, or the traveling capacity (e.g.,
acceleration and deceleration) of the traveling body.
[0069] It is preferable that the first supporting member
is supported by the upper frame so as to be pivotable
about a first pivot axis extending along the vertical direc-
tion, the second supporting member is supported by the
upper frame so as to be pivotable about a second pivot
axis extending along the vertical direction, the first pivot
axis and the second pivot axis are disposed at the same
position in the traveling direction, and the first roller and
the second roller are disposed at the same position in
the traveling direction.
[0070] With this configuration, the first roller and the
second roller are disposed at the same position in the
traveling direction, and the first pivot axis and the second
pivot axis are disposed at the same position in the
traveling direction, and thereby, the device for applying
a braking force to the upper portion of the mast can be
configured compact in the traveling direction. Further, as
a result of the first roller and the second roller sandwich-
ing the upper rail at the same position in the traveling
direction, the first roller and the second roller can be ap-
propriately pushed against the upper rail.
[0071] It is preferable that the first pivot axis and the
second pivot axis are a common axis located on a virtual
center line forming a center, in the lateral direction, of the
upper rail as viewed in the vertical direction, an elastic
body serving as the first biasing body and the second
biasing body is disposed in a compressed state between
a first force point in the first supporting member and a
second force point in the second supporting member, the
first force point being located on the same side as the
first roller with respect to the virtual center line in the
lateral direction and opposite to the first roller with respect
to the common axis in the traveling direction, and the
second force point being located on the same side as
the second roller with respect to the virtual center line in
the lateral direction and opposite to the second roller with
respect to the common axis in the traveling direction, and
a distance from the common axis to the first force point
in the traveling direction and a distance from the common
axis to the second force point in the traveling direction
are equal, and a distance from the common axis to the
rotation axis of the first roller and a distance from the
common axis to the rotation axis of the second roller are
equal as viewed in the vertical direction.
[0072] With this configuration, a biasing force having
the same magnitude is exerted on the first force point
and the second force point by the elastic body serving
as the first biasing body and the second biasing body.
Then, the first force point and the rotation axis of the first
roller in the first supporting member and the second force
point and the rotation axis of the second roller in the sec-
ond supporting member are disposed symmetrically with
respect to the virtual center line forming the center, in the
lateral direction, of the upper rail. Moreover, the first sup-
porting member and the second supporting member pivot

about the common axis located on the virtual center line.
Accordingly, the first roller and the second roller are
pushed against the upper rail in a well-balanced manner,
and it is therefore possible to appropriately obtain a brak-
ing force to the upper portion of the mast that is generated
during traveling of the traveling body.
[0073] Preferably, a rotational resistance imparting de-
vice that imparts a rotational resistance is provided on a
rotation shaft of at least one of the first roller and the
second roller.
[0074] With this configuration, the pressing force of the
first roller and the second roller against the upper rail,
which is required to achieve the desired amount of the
braking force with the rotational resistance provided by
the first roller and the second roller, can be suppressed
to be smaller by an amount of the rotational resistance
of at least one of the first roller and the second roller that
has been increased by the rotational resistance imparting
device. As a result, the weight of a device that applies a
braking force to the upper portion of the mast can be
reduced by reducing the size of the first biasing body and
the second biasing body and simplifying the support
structure for the first roller and the second roller, and also
the service life of that device can be increased by sup-
pressing a decrease in service life of the various parts.
[0075] Preferably, the rotational resistance imparting
device is a device that converts kinetic energy of the ro-
tation shaft into thermal energy.
[0076] With this configuration, it is possible to simplify
the configuration of the rotational resistance imparting
device as compared with when the rotational resistance
imparting device converts the kinetic energy of the rota-
tion shaft into another energy (e.g., electric energy). Ac-
cordingly, it is possible to reduce the weight of a device
that applies a braking force to the upper portion of the
mast, and reduce the cost of the device.
[0077] Preferably, the article transport apparatus fur-
ther includes a control portion that controls traveling op-
eration of the traveling body, wherein the control portion
monitors a temperature of the rotational resistance im-
parting device, and, if it is determined that the tempera-
ture of the rotational resistance imparting device is in a
high-temperature state exceeding a predetermined
threshold, limits an upper-limit traveling speed of the
traveling body to be lower than the upper-limit traveling
speed of the traveling body in a normal state that is not
the high-temperature state.
[0078] With this configuration, it is possible to suppress
a further increase in the temperature of the rotational
resistance imparting device in a situation in which the
temperature of the rotational resistance imparting device
exceeds a predetermined threshold. Accordingly, it is
possible to avoid an excessive increase in the tempera-
ture of the rotational resistance imparting device, thus
suppressing the durability and the performance of the
parts constituting the rotational resistance imparting de-
vice from being reduced by heat.
[0079] It is sufficient that the article transport apparatus
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according to the present disclosure can achieve at least
one of the above-described effects.

Description of Reference Signs

[0080]

4: Traveling body
5: Mast
6: Upper frame
7: Elevating body
8: Transfer device
16: Guide roller
18A: First roller
18B: Second roller
19: First supporting member
20: Second supporting member
21: Virtual center line
22: Coil spring (elastic body, first biasing body, sec-
ond biasing body)
23: Bolt
26b: Double nut (first adjustment mechanism, sec-
ond adjustment mechanism)
30: Rotation shaft
40: Rotational resistance imparting device
B: Article
D1: Distance from common axis to rotation axis of
first roller
D2: Distance from common axis to rotation axis of
second roller
L1: Distance from common axis to first force point in
traveling direction
L2: Distance from common axis to second force point
in traveling direction
P1: First vertical axis (rotation axis of first roller)
P2: Second vertical axis (rotation axis of second roll-
er)
Pc: Common axis (first pivot axis, second pivot axis)
R1: Lower rail
R2: Upper rail
T1: First force point
T2: Second force point
X: Traveling direction
Y: Lateral direction
Z: Vertical direction

Claims

1. An article transport apparatus comprising:

a lower rail installed on a floor surface;
a traveling body configured to be guided by the
lower rail and to travel along the lower rail;
a mast provided upright on the traveling body;
an upper frame coupled to an upper end portion
of the mast;
an upper rail extending along a traveling direc-

tion of the traveling body and configured to guide
movement of the upper frame; and
an elevating body including a transfer device for
transferring an article and configured to move
up and down along the mast,
the upper frame including at least two guide roll-
ers with positions thereof relative to the upper
frame being fixed, the guide rollers being dis-
posed so as to be rotatable about vertical axes
and separately on opposite sides of the upper
rail as viewed in a vertical direction, and config-
ured to be guided by the upper rail,
wherein
a first roller and a second roller that are rotatable
about vertical axes are disposed opposite to
each other with respect to the upper rail in a
lateral direction that is orthogonal to the traveling
direction as viewed in the vertical direction,
a first supporting member configured to rotation-
ally support the first roller is attached in a state
in which a position of a rotation axis of the first
roller can be changed in the lateral direction and
in which the first supporting member is biased
by a first biasing body in a direction to push the
first roller against the upper rail, and
a second supporting member configured to ro-
tationally support the second roller is attached
in a state in which a position of a rotation axis
of the second roller can be changed in the lateral
direction and in which the second supporting
member is biased by a second biasing body in
a direction to push the second roller against the
upper rail.

2. The article transport apparatus according to claim 1,
wherein
pressing forces of the first roller and the second roller
to the upper rail are set to be greater than an allow-
able pressing force of the at least two guide rollers
to the upper rail.

3. The article transport apparatus according to claim 1
or 2, wherein
a first adjustment mechanism for adjusting a biasing
force of the first biasing body and a second adjust-
ment mechanism for adjusting a biasing force of the
second biasing body are provided.

4. The article transport apparatus according to any one
of claims 1 to 3, wherein
the first supporting member is supported by the up-
per frame so as to be pivotable about a first pivot
axis extending along the vertical direction,
the second supporting member is supported by the
upper frame so as to be pivotable about a second
pivot axis extending along the vertical direction,
the first pivot axis and the second pivot axis are dis-
posed at the same position in the traveling direction,
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and
the first roller and the second roller are disposed at
the same position in the traveling direction.

5. The article transport apparatus according to claim 4,
wherein
the first pivot axis and the second pivot axis are a
common axis located on a virtual center line forming
a center, in the lateral direction, of the upper rail as
viewed in the vertical direction,
an elastic body serving as the first biasing body and
the second biasing body is disposed in a com-
pressed state between a first force point in the first
supporting member and a second force point in the
second supporting member, the first force point be-
ing located on the same side as the first roller with
respect to the virtual center line in the lateral direction
and opposite to the first roller with respect to the com-
mon axis in the traveling direction, and the second
force point being located on the same side as the
second roller with respect to the virtual center line in
the lateral direction and opposite to the second roller
with respect to the common axis in the traveling di-
rection, and
a distance from the common axis to the first force
point in the traveling direction and a distance from
the common axis to the second force point in the
traveling direction are equal, and a distance from the
common axis to the rotation axis of the first roller and
a distance from the common axis to the rotation axis
of the second roller are equal as viewed in the vertical
direction.

6. The article transport apparatus according to any one
of claims 1 to 5, wherein
a rotational resistance imparting device that imparts
a rotational resistance is provided on a rotation shaft
of at least one of the first roller and the second roller.

7. The article transport apparatus according to claim 6,
wherein
the rotational resistance imparting device is a device
that converts kinetic energy of the rotation shaft into
thermal energy.

8. The article transport apparatus according to claim 7,
further comprising
a control portion that controls traveling operation of
the traveling body, wherein
the control portion monitors a temperature of the ro-
tational resistance imparting device, and, if it is de-
termined that the temperature of the rotational re-
sistance imparting device is in a high-temperature
state exceeding a predetermined threshold, limits an
upper-limit traveling speed of the traveling body to
be lower than the upper-limit traveling speed of the
traveling body in a normal state that is not the high-
temperature state.
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